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[57] ABSTRACT 

A lawn mower having a housing and a cutter unit posi- 
tioned below the housing. The cutter unit comprises an 
upper rotating cutting unit and a lower stationary cut- 
ting unit that is concentric with the upper cutting unit 
and which have a plurality of upper and lower blades at 
their borders. Each blade has a cutting surface with a 
near end close to the border, and a far end away from 
the border. The blades of the upper cutting unit extend 
in front of a line passing through the concentric axis and 
the near end, in the direction of rotation of the upper 
cuttmg unit. 

The upper blades rotate and slide over stationary lower 
blades, thereby cutting the lawn in a manner similar to 
a pair of scissors. The angle between the upper and 
lower blades is preferably 16-20 degrees. 

The diameter of the upper cutting unit is greater than or 
equal to the diameter of the lower cutting unit, and the 
distance from the axis to the far end of the upper blades 
is greater than or equal to the distance from the axis to 
the far end of the lower blades. In addition, the lower 
blades, transverse to the direction of travel of the 
mower are more closely spaced and more numerous 
than in the direction of travel. 

The lower cutting unit is prevented from rotating by a 
supporting arm. attached to the bottom of the housing, 
and having projections which engage openings in the 
lower cutting unit. The supporting arm and lower cut- 
ting unit can be rotated 90 degrees to accommodate a 
change in the direction of travel of the mower. 

In another embodiment, a plurality of cutter units, all in 
the same plane, can be provided, along with a support- 
ing plate for preventing the lower cutting units from 
rotating. 

32 Claims, 13 Drawing Figures 
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cutting unit includes at least one upper blade thereon, 
LAWN MOWER and a cutting surface on the blade having a near end. 

The upper blade extends in front of a line passing 
This is a continuation of application Ser. No. 454,328, through the axis and the near end. in the direction t. The 
filed Dec. 29, 1982, now U.S. Pat. No. 4,520,619. 5 upper and lower cutting units may further include a 
FIELD OF THE INVENTION border. The blades are attached at the border to the 

upper and lower cutting units. The lawn mower may 
This mvention relates to a lawn mower having a further include a prime mover, in the housmg, for rotat- 
cutter umt mcluding upper and lower concentric cut- ing the lower blade, and the upper and lower cutter 
ting units which arc each provided with a plurality of 10 units may further include a plurality of blades. The 

crossing angle between the upper blade and the lower 
BACKGROUND OF THE INVENTION ^^^^^ ^ between approximately 16-20 degrees. In addi- 

- . , , , . , , tion, the mower may comprise a plurality of cutter 

Conventional lawn mowers having upper and lower 

cutting units are manufactured so that the blad« of the 15 j^^^ ^ave a cutting surface 

upper and/or lower cuttmg units are m the shape of ^ „ear end, and a far end which is further away 

saw-teeth or comb-teeth which project away from the ^.^^ ^^^^^ ^^^^ ^ ^ f 

axis around which the units rotate Because of their respective borders than the near end. The distance from 

shape the blades do not uniformly and smoothly cut the fx,/^^:^ r,^ u^ a - u . n 

- 1— ♦u* -i:- *• ' u- X, *i. ^« ™ ™s ^0 upper blade is substantially 

lawn at right angles to the direction m which the mower 20 ^„„„, *u j- * r *u • * *t_ 

tr^woio Ae « J^^.^ ^^..A «™ . 11 equal to or greater than the distance from the axis to the 

travels. As a consequence, the mowmg area is small ^c Zu^ i^, . ui ^ t ^j *- *i. j- * 

compared to thesizeoftheupperorlowercuttingunits. ^^^k f ^^^^^lon, the distance 

Fur^ermore, the lawn is mown unevenly and, there- ^° °f ^^^^PPf^ T""""^ T 

fore, the mowed area is irregular and not uniform. In ^J^^^^J^y "^"^ ^'''^o^ ^[^'^ 

addition, such a mower does not cut the lawn sharply. 25 axis to the border of the low^^ cuttmg unit. Further- 

FinaUy. the lawn that is taken in between the two blades ^l^^e, the blade density of the lower cuttmg unit m the 

is apt to slip out of the space between the two blades direction transverse to the niovement of the mower is 

and, therefore, the mowing efficiency is low. sufficiently greater than the blade density of the lower 

In order to overcome the drawbacks mentioned cutting umt m the direction of movement of the mower, 
above, these lawn mowers have been redesigned so that 30 * uniform height over the entire area 

both blades slide in parallel, on top of each other. Such covered by the cutting umt is produced, 
a mower, however, has additional disadvantages. For another embodiment, the lawn mower includes a 

example, it is difficult to position the blades so that they housmg and a cutter unit. The cutter unit includes an 

slide close to each other. Furthermore, the blades are "PP®'' ^^^ting unit below the housing, and.a lower cut- 
apt to bite each other and therefore they are often dam- 35 unit below the housing, coaxial vwth .the upper 

aged. In addition, because the load applied to the cutting unit, and adapted to cooperate with the upper 

mower fluctuates, depending on the amount of the law cutting unit to cut a lawn. A supporting arm is attached 
cut by the blades, a large prime mover or motor is nec- housing and is adapted to prevent the lower cut- 

essary to power the mower. ^*"g unit from rotating. A fixed shaft is attached to the 

The conventional mower of the type mentioned 40 ^ower cutting unit, and the supporting arm is attached 

above, has a vertical shaft which supports the upper and ^o the fixed shaft and the bottom of the housing. A 

lower cutting units. Thus, the cutting units are sus- prime mover is also included in the housing, for rotating 
pended from the shaft and therefore, they are apt to upper cutting unit 

rock. When rocking of the blades occurs, the height of The lower cutting unit contains at least one opening 

the lawn that is mowed becomes uneven. Furthermore, 45 therein, and the supporting arm includes at least one 

when two or more of such cutting units are arranged in projection thereon for engaging the opening in the 

the same plane, there is often a space on the lawn which lower cutting unit. The projection has an opening 

is left unmowed between the units, or the cutting units therein which is adapted to allow grass which has be- 

may come into contact with each other and break. Fur- come positioned between the upper and lower cutting 

thermore, when a supporting arm is provided to pre- SO units to fall therethrough. The supporting arm may be 

vent rocking of the cutter units, the screws for attaching U-shaped in cross-section, with the leg of each "IT* 

the cutter units to the supporting arm are apt to become attached to the bottom of the housing, or the supporting 

loose due to the sliding movement of the cutter units arm may be L shaped in cross-section. A stop is at- 

when they mow the lawn. As a consequence, the cutter tached to the housing, which abuts the legs of the U- 

units rotate and become defective. It is therefore an 35 shaped supporting arm, and is adapted to prevent the 

object of the present invention to provide a lawn legs from rotating. The supporting arm and the lower 

mower having blades that cut the lawn sharply and do cutting unit are adapted to rotate through 90 degrees, 

not rock, that smoothly cut grass at right angles to the . and then become rigidly attached to the fixed shaft. * 
mowing direction, and that cut the lawn uniformly The lower cutting unit has a border and at least one 

without the blades becoming damaged. 60 lower blade attached to the border. The upper cutting 

cTT^ >r> X A n ^r,- r^rr r^^t^r^ vt uuit Is coaxlal with thc lowcr cuttlug Unit around an axis 
SUMMARY OF THE INVENTION ^^apted to rotate in direction t The upper cutting 

According to the invention, the lawn mower com- unit includes a border, at least one upper blade attached 

prises a housing and a cutter unit positioned below the to the border, and a cutting surface on the blade having 

housing. The cutter unit includes a lower cutting unit 65 a near end. The upper blade extends in front of a line 

having at least one lower blade thereon, and an upper passing through the axis and the near end, in the direc- 

cutting unit, coaxial with the lower cutting unit around tion t. The crossing angle between the uppet and lower 

an axis and adapted to rotate in a direction t. The upper blades is between approxunately 16-20 degrees. 
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The upper and lower blades have a cutting surface 
with a near end, and a far end which is further away 
from the point at which the blades are attached to the 
borders than the near end. The distance from the axis to 
the far end of the cutting surface of the upper blade is ^ 
substantially equal to or greater than the distance from 
the axis to the far end of the cutting surface of the lower 
blade. The distance from the axis to the border of the 
upper cutting unit is substantially equal to or greater 
than the distance from the axis to the border of the 
lower cutting unit. In addition, the upper and lower 
cutting units may comprise a plurality of upper and 
lower blades. Also, the blade density of the lower cut- 
ting unit in the direction transverse to movement of the 
mower is sufficiently greater than the blade density of 
the lower cutting unit in the direction of movement of 
the mower such that a lawn of uniform height over the 
entire area covered by the cutter unit is produced. 

In another embodiment, the lawn mower comprises a 
plurality of cutter units in the same plane. Each of the 
cutter units comprises an upper cutting unit and a lower 
cutting unit coaxial with the upper cutting unit to cut' 
the lawn. In addition, the mower includes a supporting 
plate, attached to each of the lower cutting units, and 25 
adapted to prevent the lower cutting uiyts from rotat- 
ing. A plurality of fixed shafts is also provided so that 
one shaft is attached to each of the lower cutting units 
and the supporting plate. The lower cutting units may 
further include at least one opening therein, and the 30 
supporting plate may include at least one projection 
thereon for engagmg the opening, and adapted to pre- 
vent the lower cutting units from rotating. Each cutter 
unit has a center, and the supporting arms are positioned 
behind a line passing through the centers of the cutter 35 
units, on the side of the line away from the predeter- 
mined direction in which the mower moves. 

In this embodiment, the lawn moNver may also in- 
clude a housing, with the cutter unit positioned below 
the housing. The lower cutting unit may have a border, ^ 
and at least one blade attached to the border. The upper 
cutting unit, which is coaxial with the lower cutting unit 
aroimd an axis, is adapted to rotate in a direction t, and 
also includes a border, at least one upper blade attached 
to the border, and a cutting surface on the blade having 
a near end. The upper blade extends in front of a line 
passing through the axis and the first end portion in the 
direction t. The upper and lower cutting units may 
include a plurality of blades, and the crossing angle 
between each upper blade and lower blade is between 
approximately 16-20 degrees. The upper and lower 
blades have a cutting surface with a near end, and a far 
end which is further away from the point at which the 
blades are attached to their borders than the near end. 
The distance from the axis to the far end of the cutting 
surface of the upper blade is substantially equal to or 
greater than the distance from the axis to the far end of 
the cutting surface of the lower blade. The distance 
from the axis to the border of the upper cutting unit is 
substantially equal to or greater than the distance from 
the axis to the border of the lower cuttiifg unit The 
blade density of the lower cutting unit in the direction 
transverse to the movement of the mower is sufficiently 
greater than the blade density of the lower cutting unit 65 
in the direction of movement of the mower such that a 
lawn of uniform height over the entire area covered by 
the cutter unit is produced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention are disclosed 
in the accompanying drawings wherein: 

FIG. 1 is a top plan view, partially in section, of an 
embodiment of a cutter unit used in the lawn mower of 
the invention; 

FIG. 2 is a top plan view of another embodiment of a 
cutter unit; 

FIG. 3 is a top plan view of still another embodiment 
of a cutter unit; 

FIG. 4 is a side sectional view of the cutter unit along 
linelV-IVofFiaS; 

FIG. 5 is a bottom view, partially in section, of an 
embodiment of the lawn mower according to the inven- 
tion; 

FIG. 6 is a side view, partially in section, of the em- 
bodiment shown in FIG. 5; 

FIG. 7 is a bottom view of the embodiment of the 
mower showing a supporting arm that has been rotated 
90 degrees together with a lower blade; 

FIG. 8 is a perspective view of an embodiment of a 
mower which mows weeds according to the invention; 

FIG. 9 is a sectional side view showing the mower 
shown in FIG. 8; 

FIG. 10 is a bottom view, partially cut-away of an 
embodiment of the lawn mower of the invention; 

FIG. 11 is a sectional side view of the mower along 
the line XI— XI of FIG. 10; 

FIG. 12 is a bottom view of another embodiment of 
the lawn mower of the invention; and 

FIG. 13 is a side view, partially cut-away, of the 
mower shown in FIG. 12. 

DETAILED DESCRIFTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

FIGS. 1-4 illustrate various embodiments of the cut- 
ter unit A of the lawn mower. Each embodiment of 
cutter A comprises a top cutting unit 3 and a bottom 
cutting unit 4. Units 3 and 4 are coaxial around a axis 0. 
Both top cutting unit 3 and bottom cutting unit 4 are 
circular and, therefore, contain circular borders 3' and 
4' respectively. Attached at borders 3' and 4' are a plu- 
rality of projections or blades 3a and 4a, respectively, 
which contain the cutting surfaces 3b 4b and an inner 
edge. As illustrated in FIG. 1, the inner edge of cutter 
unit 3 has cutting surface 3^ thereon, and the outer edge 
of cutter unit 4 has cuttmg surface 46 thereon. Cutting 
surface 3b starts at near end 3a' which is the point at 
which radial straight line 1 first intersects blade 3a, and 
extends in a straight line to far end point 3a which is 
further from the point at which the blade is attached to 
the border, than near end 3a\ Cutting surface 46 is 
curved and has the shape of a gently curving circle, 
extending in the direction of t in which the blades ro- 
tate. Alternatively cutting surface 36 can be in the shape 
of gently curvmg circle extending in the direction t of 
the rotating blades. 

Cutting units 3 and 4 are arranged coaxially so that 
blades 3a and 4a slide on one another. When the two 
cutter units 3 and 4 are rotated in opposite directions, or 
when either cutter unit is rotated in direction t shown in 
FIG. 1 around axis 0, blades 3a and 4a snip blades of 
grass in a similar fashion to a scissors, thereby mowing 
the lawn. 

The shapes and orientation of blades 3a and 4a are 
picked so that the crossing angle 6 between blades 3a 
and 4a is approximately 16-20 degrees. Because the 
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crossing angle is 16-20 degrees, blades 3a and 4a cut the and on each side of the mower so as to produce a lawn 
grass sharply, and the grass introduced between blades. of uniform height 

3a and 4a does not slip out of the space between blades Thus, cutter unit A comprises an upper cutting unit 3 

3a and 4a before being cut and a lower cutting unit 4. Blade 3a of the upper cutting 

In one embodiment, the shape and position of blade 3 unit 3 slides on blade 4a of lower cutting unit 4 from 
3fl is picked first and therefore the shape and position of points 3a', 4a' to 3a", 4a", respectively, and as blade 3a 

blade 4fl is determined by blade 3a, so that the crossing rotates, blade 3fl pushes grass toward blade 4a so as to 

angle 0 is 16-20 degrees. In the embodiment shown in cut the grass in light, quick strokes. One, or a plurality 

FIG. 1 the crossing angle is approximately 16-20 de- of cutter units A may be arranged in the same plane 

grees and the inner edge of blade 3a has a cutting sur- 10 below housing 2. FIGS. 5 through 13 illustrate altema- 

face 36 that is linear and the outer edge of blade 4a and ^^ve embodiments of the mower. FIGS. 5 through 7 

cutting surface 4b are in the shape of a gently sloping show a hand-operated lawn mower. FIGS. 8 and 9 

circle. Alternatively, blade 3a could have a cutting show a weed mower. FIGS. 10 and 11 illustrate a 

surface which is in the shape of a gently sloping circle mower having two cutter units Al, A2, and, FIGS. 12 

and blade 4a could have a cutting surface in the shape of ^^^^ ^ mower provided with three cutter units 
straight line. Or, both blades 3a and 4a could have cut- 

tmg surfaces in the shape ofgently sloping circle. hand-operated mower shown in FIGS. 5 

For safety reasons, it is preferable to rotate upper through 7, includes a box-shaped housing 2; housing 2 in 

cutting unit 3 in direction t seen in FIG. 1, and to keep ^^^^ & prime mover 1, a fan 8 for cooling prime 

cutting unit 4 stationary, because a stationary lower ^ ^'.^^ a dnvmg mechanism 9 for dnvmg the 

cutting unit is less likely to injure the user. It is also ^ ^ are provided a cutter 

preferable to rotate only the top cutting unit because it ^ "fP^ ^"'^ ^""^^^^ ""^^ 3 and 4 

is difficult to design the structure of the mower to rotate [«Pectively, and a supportmg arm 6 for preventmg 

both units in opposite directions. ""'^ * being rotated. 

In order to insure that no grass strays into the space "PPf^ """"T^.n i T^^^"^ ? ^ i"^^ 

between upper and lower cutdng units 3 and 4. thereby Provided verticaWy be ow housing 2, while lower cut- 

dulUng the blades, and in order To insure that blades Z 7^7** ^ ^"f^^^ attached to a fixed shaft 5 by a bolt 

and 36 do not bite each other, the diameter I3 of upper connecting rotary shaft 10 to driving mechamsm 

X ^ /X ! • ti! * A3 "Hpci g ^jjg mover 1, and by rotating upper cuttmg 

cutter umt S^that is, the distance from O to border 3 ), 3^ 3 ^^^^^^^ ^ PP ^ 

IS picked to be substantially equal to or greater tto U j^kly and lightly by blades 3a and 4a. 

Ae diameter of lower cu ter imit 4 (that is the distance ^ pj^s 5 .trough 7, the mower also in- 

from O to border 4 ). so that I3 ^14- In order to msure ^j^^es an air inlet 12, an air ouUet 13, a grip 14 formed 

that the ^s will always be taken m between blades 3a integrally with the housing 2, an operating switch 15, 

and 4a, the dianieter of upper cutter umt 3 is chosen so 35 ^ ,^ety stopper 16 for preventing switch 15 from 

that the length li (the distance between O axis and the being inadvertently activated. 

far end 3a" of blade cutting surface 3b) is substantially Supporting arm 6, which prevents lower cutting unit 

equal to or greater than l2 (the distance between axis O 4 from being rotated, extends between the two sides of 

and the far end jo* of cuttmg surface 46), so that li I2. the bottom of housing 2 as is clear from FIG. 7. Arm 6 

As seen m FIG. 4. cuttmg surface 3^ of upper cutting 40 connected to lower cutting unit 4 and is rigidly at- 

umt 3 is turned slightly upward so that cutting surface tached to the fixed shaft 5. Arm 6 comprises a circular 

36 slides close to cuttmg surface 4^» of lower cutting unit center 6a. which is sUghtly smaller than the lower 

^' blades 4a.* connections 6b. 6b positioned between the 

Because the direction in which the mower moves is two sides of housing 2, on either side of center 6a; and 

predetermined (for example, in the direction m in FIG. 45 jegs 6c. 6c extending vertically from each end of con- 

3), there is no need to have blades of the same shape in nections 6b. 6b. so that supporting arm 6 is in the shape 

order to cut the grass to a uniform height, as long as the of a U in cross-section. 

crossing angle is between 1 6-20 degrees, and, one of the Center 6a is provided with a plurality of ring projec- 

two cutting units does not rotate. For example, the tions 18 which engaged openings 17 in lower cutting 

embodiments illustrated in FIGS. 3 and 4 show a lower 50 unit 4. Center 6a is rigidly attached, together with 

cutter unit 4 that is fixed, and an upper cutting unit that lower cutting unit 4, to the bottom of fixed shaft 5. In 

is rotatable. Furthermore, lower cutter unit 4 is pro- addition, ring projections 18 engage openings 17 in the 

vided with dense teeth (i.e., closel spaced teeth) on the lower cutting unit 4 so that the rotation of lower cutting 

right and left sides thereof, and thin teeth (i.e., widely unit 4 may be firmly preveiited. 

spaced teeth) on the front and rear portions thereof. If 55 Openings 17 function to engage projections 18, and to 

the lawn mower is moved in the front direction (e.g., decrease the weight of lower cutting unit 4. Further- 

durection m in FIO. 3), the grass directly in front of the more, they function as outlets for falling grass that has 

mower will be cut by blades at the front and the rear of inadvertently become positioned between the two cut- 

the mower. Grass that is not directly in front of the ting units 3 and 4. For this purpose, ring projections 18 

mower will only be cut by one set of blades - those on 60 of supporting arm 6 have an opening therein and are 

the right or left side of the mower (mi, in FIG. 5, mi in hollow so as to form outlets 18a for the grass trapped 

FIG. 7). In order to cut the same amount of grass so as between cutter units 3 and 4. 

to produce a lawn of uniform height, the lower blades in As shown in FIG. 6, the bottom of housing 2 is pro- 

the direction transverse to the movement of the mower vided with projections 19 which abut legs 6c, 6c so that 

are more numerous and more closely spaced than lower 65 legs 6c; 6c may not rotate. When arm 6 is rigidly at- 

blades positioned in the direction of movement of the tached to fixed shaft 5 by means of a bolt 11, legs 6c, 6c 

mower; thus grass is introduced smoothly into the are fixed to the bottom of housing 2 and abut projec- 

mower, and the same quantity of grass is cut in front of tions 19, so that the arm 6 cannot be rotated. When bolt 
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11 is loosened, arm 6 and lower cutter unit 4 can be 
rotated 90 degrees so that they may be oriented in the 
direction in which the mower travels, i.e., the direction 
shown by arrow ml in FIG. 4 or by m2 in FIG. 7). 

Alternatively, supporting arm 6 may be L shaped (not 5 
shown). In this embodiment, its leg is fixed to the bot- 
tom of the housing 2 while its center, and lower cutter 
unit 4 are attached to fixed shaft 5. 

FIGS. 8 and 9 illustrate an embodiment of a mower 
which cuts weeds. It comprises an operating arm 20, 10 
provided at one end with a prime mover 1, and at the 
other end with a housing 2. A cutter unit A comprising 
upper and lower cutting units 3 and 4 is provided below 
housing 2. 

According to this embodiment, upper cutting unit 3 is 15 
fixed to a vertical rotary shaft 10, provided within the 
housing 2, while lower cutting unit 4 is attached to a 
fixed sh^ft 5 which is vertically aligned with and coaxial 
with rotatable shaft 10. Operating arm 20 is provided 
therein with a transmitting mechanism 21 which trans- 20 
mits power generated by prime mover 1 to rotary shaft 
10. 

When transmitting mechanism 21 is connected to a 
driving mechanism housed in the housing 2, upper cut- 
ting unit 3 is rotated. Consequently, a blade 3a of rotary 25 
cutting unit 3 in combination with a blade 4fl of station- 
ary lower cuttmg unit 4 mows the weeds. 

FIGS. 10 through 13 show hand-powered or electric 
powered lawn mowers. The mower is provided with a 
plurality of cutter units Al, A2, A3 in the same plane, 30 
and with a supporting plate 7 provided below lower 
cutting units 4. 

Each of the upper cutting units 3 of cutter units Al, 
A2, A3 is attached to a rotary shaft 10 extending verti- 
cally to the bottom portion of a housing 2. Each lower 35 
cutting unit 4 is attached to the bottom of a fixed shaft 
5 which is coaxial with rotary shaft 10. When rotary 
shafts 10 of respective cutter units Al, A2 and A3 are 
rotated in synchronism with each other by means of 
gears 23a. 23b, 23c connected to a prime mover 1, upper 40 
cutting units 3 are rotated in a direction shown by an 
arrow t. In this way, upper blades Za in combination 
with lower blades 4a, snip blades of grass, thereby 
mowing the law. 

Cutter units Al, A2 and A3 are positioned at the same 45 
height, separated by a predetermined distance. A sup- 
port plate 7 is provided below lower cutting units 4. 
Support plate 7 is thin and connected together with 
lower cutter units 4, to respective fixed shafts 5 by bolts 
11. Plate 7 is provided with projections or stopping pins 50 
25 which engaged openings 24 in lower cutting units 4 
so that cutting units 4 cannot rotate. Plate 7 is posi- 
tioned behind a line which passes through the centers of 
respective cutter units Al, A2, and A3 on the side of the 
line away from the direction the mower moves, so that 55 
the lawn is not prevented from entering blades 3a and 
4fl by support plate 7. 

To summarize, the lawn mower, according to the 
present invention, includes at least one cutter unit A 
comprising an upper cutting unit 3 provided at its cir- 60 
cumference with a plurality of blades and a coaxial 
lower cutting unit 4. The blade 3a of upper cutting unit 
3 is positioned in front of a line 1 in FIG. 1 (that is, on 
the side of line 1 in the direction in which blade 3a 
rotates) which starts at axis O and intersects blade 3a at 65 
near end 3a Blade 3a shdes over blade 4a of lower 
cutting unit 4, from their near ends 3a 4a' to their far 
ends 3a 4a". Upper blade 3a moves in direction t, 
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thereby pushing the grass against 'lower blade 4a and 
snipping the grass and^owing the lawn. 

The lawn mower of the present invention contains a 
number of advantages. First, because the action of 
blades 3a and 4a is similar to a pair of scissors, the grass 
is continuously snipped, thereby producing a lawn that 
is beautiful to look at. Second, because the amount of 
lawn that is cut over time is uniform, the load applied to 
the mower does not fluctuate very much during its 
operation and therefore the power required by the 
motor can be reduced. Consequently, the mower can be 
made small and inexpensively, and therefore one can 
use the present invention for long periods of time with- 
out becoming tired. 

Third, the upper blade can take in and cut grass at 
right angles to the direction in which the mower is 
traveling, thereby greatly improving mowing effi- 
ciency. Fourth, because it is not necessary to rotate the 
upper blade (or the lower blade) extremely fast, pebbles 
or twigs that stray into the mower will not be flipped 
away by the blades at high speeds. Fifth, the upper and 
lower blades can be easily and inexpensively produced 
by die-cast molding. Furthermore, their replacement 
and grinding can be easily effected. Sixth, because the 
crossing angle between tiie two blades is maintained 
constantly between 16-20 degrees, the blades sharply 
cut the grass, and the lawn that is introduced between 
the blades will not slip out. 

Seventh, because the distance from axis O to the far 
end 3a" of blade 3o is substantially greater than or equal 
to the distance from axis O to the far end 4a " of blade 
4a, the grass over which the mower moves is always 
taken in between blades 3a and 4a. Eighth, the diameter 
of the upper cutting unit 3 (i.e., the distance between O 
and border 3') is substantially equal to or greater than 
the diameter of lower cutting unit 4 (i.e., the distance 
from O to circular border 4'). Therefore, the grass can- 
not fall into the space between the upper and lower 
cutting units 3 and 4 which would produce dull blades. 
In addition, this insures that the two blades do not bite 
each other. Nineth, two or more cutter units can be 
arranged in the same plane, thereby allowing a broad 
area to be mowed, even though the frame or housing of 
the mower is not large. 

The lawn mower of the present invention also in- 
cludes a supporting arm 6 which prevents lower blade 
4a from rotating and which forms the bottom of the 
housing. Supporting arm 6 gives the present invention a 
number of additional advantages. The lower blade is 
much less likely to break down due to long use and, 
therefore, maintenance and inspection are not necessary 
for long periods of time. In addition, the supporting arm 
functions as a guide sledge when the mower moves over 
the lawn. This is especially important in a handoperated 
mower, which can consequently be operated with ease. 
Furthermore, the supporting arm protects the operator 
from being injured by the cutter unit. Finally, because 
supporting arm 6 together with the lower blade 4a can 
be rotated by 90 degrees, a uniform, smooth and beauti- 
ful mown lawn is obtained, even if the direction of the 
mower is changed. 

The lawn mower may also include a supporting plate 
which functions as a bridge between a plurality of lower 
cutting units arranged in the same plane. 

Because each of the lower cutting units is prevented 
from rotating by the supporting plate, the lower cutting 
units will not rotate and thereby break down even if the 
mower is used over a long period of time. In addition, 
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the supporting plate aUows a plurality of cutter units to 
be supported in a stable fashion at predetermined posi- 
tions so that they will not rock during operation. Fur- 
thermore, because the cutter units are arranged close to 
each other, the lawn will not be mown unevely or irreg- 
uhu-ly. 

The present invention has been so far described with 
particular reference to several illustrative embodiments 
thereof, but it will be understood that variations and 
modifications can be effected without departing from 
the true spirit of the present invention as described 
hereinabove and as defined in the appended claims. 

What is claimed is: 

1. A lawn mower comprising: a cutter unit including: 

(a) a lower cutting unit having at least one lower 
blade having a cutting surface, said blade being 
attached to said lower cutting unit; and 

(b) an upper cutting unit coaxial with said lower 
cutting unit around an axis» wherein said upper 
cutting unit is adapted to rotate in a direction t 20 
around said axis and wherein said upper cutting 
unit comprises: at least one upper blade thereoUi 
and a cutting surface on said upper blade, having a 
first end and an second end, wherein said first end 

is closer to said axis than said second end, wherein 25 
said upper blade cutting surface extends in front of 
a line passing through said axis and said first end, in 
said direction t, wherein the crossing angle be- 
tween said upper blade cutting surface and said 
lower blade cuttmg surface is between approxi* 
mately 16 and 20 degrees, and means for maintain- 
ing said angle between said blades within a range 
between 16 and 20 degrees during rotation of one 
of said cutting units, wherein one of said blades has 
a linear cutting surface and wherein the other of 35 
said blades has an arcuate cutting surface. 

2. The lawn mower of claim 1 further including a 
housing, wherein said cutter unit is positioned below 
said housing. 

3. The lawn mower of claim 1 wherein said upper and 40 
lower cutting units include a border and wherein said 
blades are attached at said border to said upper and 
lower cuttmg units. 

4. The lawn mower of claim 1 wherein said upper and 
lower cutting units further includes a plurality of blades. 45 

5. The lawn mower of claim 2 farther including a 
prime mover, m said housing for rotating said upper 
blade. 

6. The lawn mower of claim 3 wherein said upper and 
lower blades have a cutting surface with a near end, and 50 
a far end that is further away from the point at whicti 
said blades are attached to their respective borders, then 
said near end, wherein the distance from said axis to said 
far end of said upper blade is substantially equal to or 
greater than the distance from said axis to said far end of 55 
said lower blade. 

7. The lawn mower of claim 3 wherein the distance 
from said axis to said border jof said upper cutting unit is 
substantially equal to or greater than the distance from 
said axis to said border of said lower cutting imit 

8. The lawn mower of claim 1 comprising a plurality 
of cutter units. 

9. The lawn mower of claim 4 wherein the blade 
density of said lower cutting unit in the direction trans- 
verse to the movement of said mower is sufficiently 65 
greater than the blade density of said lower cutting unit 

in the direction of movement of said mower such that a 
lawn of uniform height over the entire area covered by 
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said cutter unit is produced, wherein said blade density 
of said lower cutting unit is defined as the number of 
blades in a particular direction over a unit length in that 
direction. 

10. A lawn mower in accordance with claim 1 
wherein said lower blade cutting surface is circular and 
said upper blade cutting surface is linear. 

11. A lawn mower in accordance with claim 1 
wherein said upper blade cutting surface is circular and 
said lower blade cutting surface is linear. 

12. A lawn mower comprising: 

(a) a plurality of cutter units in the same plane, each 
of which comprises: 

(i) an upper cutting unit having a cutting surface; 

(ii) a lower cutting unit having a cutting surface, 
wherein said lower cutting unit is coaxial with 
said upper cutting unit around an axis and 
adapted to rotate in a direction t around said axis 
and cooperate with said upper cutting unit to cut 
said lawn, wherein said cutting surface on said 
lower cutting unit has a first end and a second 
end, wherein said first end is closer to said axis 
than said second end, wherein said cutting sur- 
face of said lower cutting unit extends in front of 
a line passing through said axis and said first end, 
in said direction t, wherein the crossing angle 
between said upper blade cutting surface and 

. said lower blade cutting surface is between ap- 
proximately 16 and 20 degrees, and wherem one 
of the cuttmg surfaces of said lower cutting unit 
and said upper cutting unit is circular, the other 
of said cutting surfaces being linear, said cutting 
surfaces together comprising means for main- 
taining said crossing angle between 16 and 20 
degrees during rotation of one of said cutting 
units. 

13. The lawn mower of claim 12 further including a 
supporting plate, attached to each of said lower cutting 
units and adapted to prevent said lower cutting units 
from rotating, wherein said lawn mower further com- 
prises a plurality of fixed shafts, one of said fixed shafts 
being attached to each lower cutting unit and said sup- 
porting plate. 

14. The lawn mower of claim 12 wherein said mower 
further comprise a supporting plate, attached to each of 
said lower cutting units and adapted to prevent the 
lower cutting units from rotating, wherein said lower 
cutting units further include at least one opening 
therein, and 'said supporting plates include at least one 
projection thereon for engaging said opening. 

15. The lawn mower of claim 12 wherein said mower 
moves in a predetermined direction, and wherein each 
cutter unit has a center and a supporting arm, attached 
to said housing and adapted to prevent said lower cut- 
ting unit from rotating, and wherein said supporting 
arm is positioned behind a line passing through the 
centers of said cutter unit, on the side of said line away 
from the said direction in which said mower moves. 

16. The mower of claim 12 wherein said lower cut- 
ting unit has a border and at least one lower blade at- 
tached to said border, and wherein said upper cuttmg 
unit is coaxial with said lower cutting unit around an 
axis, and is adapted to rotate in a direction t, and in- 
cludes: a border, at least one upper blade attached to 
said border, a cutting surface on said blade, having a 
near end, wherein said upper blade extends in front of a 
line passing through said axis and said near end, in said 
direction t. 
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17. The mower of claim 16 wherein said upper blades 
have a cutting surface with a near end and a far end 
further away from the point at which said blades are 
attached to their respective borders, than said near end, 
wherein the distance from said axis to said far end of 
said cutting surface of said upper blade is substantially 
equal to or greater than the distance from said axis to 
said far end of said cutting surface of said lower blade. 

18. The mower of claim 16 wherein the distance from 
said axis to said border of said upper cutting unit is 
substantially equal to or greater than the distance from 
said axis to said border of said lower cutting unit. 

19. The lawn mower of claim 16 wherein the upper 
and lower cutting units comprise a plurality of upper 
and lower blades, where in the blade density of said 15 
lower cutting unit in the direction transverse to the 
movement of said mower is sufficiently greater than the 
blade density of said lower cutting unit in the direction 
of movement of said mower such that a lawn of uniform 
height over the entire area covered by said cutter unit is 20 
produced. 

20. The lawn mower of claim 12 further comprising a 
housing, wherein said cutter unit is positioned below 
said housing, and said upper cutting unit is coaxial with 
said lower cutting unit around an axis and further in- 
cludes a border and at least one upper blade attached to 
said border, and a cutting surface on said blade, having 
a near end wherein said upper blade extends in front of 
a line passing through said axis and said near end, in said 
direction t. 

21. The lawn mower of claim 20 wherein said upper 
and lower cutting units further includes a plurality of 
blades. 

22. The lawn mower of claim 20 wherein said upper 
and lower blades have a cutting surface with a near end 35 
and a far end that is further away from the point at 
which said blades are attached to said borders than said 
near end, wherein the distance from said axis to said far 
end of said upper blade is substantially equal to or 
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26. A lawn mower in accordance with claim 12 
wherein said upper blade cutting surface is circular, and 
said lower blade cutting surface is linear. 

27. A weed cutter comprising 

(a) an upper cutting unit; 

(b) a lower cutting unit, below said upper cutting 
unit, wherein said upper and lower cutting units 
each comprise a blade, wherein the crossing angle 
between said blade cutting surfaces is approxi- 
mately 16 and 20 degrees, wherein one of said 
blades has an arcuate cutting surface and the other 
of said blades has a linear cutting surface, wherein 
the shape of said blade cutting surfaces comprise 
means for maintaining said crossing angle at be- 
tween 16 and 20 degrees during rotation of one of 
said cutting units; 

(c) a motor for driving said upper cutting unit and 
comprising means for being carried by a user; 

(d) means for supporting said upper and lower cutting 
units, wherein said upper and lower cutting units 
extend beyond said support in a horizontal plane; 

(e) means for operatively connecting said motor to 
said upper cutting unit; 

(f) a rotating shaft, attached to said support means 
and said connecting means, for rotating said upper 
cutting unit; and 

(g) a fixed shaft, coaxial with and vertically aligned 
with said rotating shaft, and connecting said lower 
cutting unit to said support means for maintaining 
said lower cutting unit in a stationary position with 
respect to said support means. 

28. The cutter defined by claim 27, wherein said ro- 
tating shaft has a substantially vertical opening therein, 
and wherein said fixed shaft is disposed in said opening. 

29. The cutter defined by claim 28, wherein said 
upper and lower cutting units comprise upper and 
lower blades, respectively, which extend beyond said 
support means, in a horizontal plane. 

30. The cutter defined by claim 24 wherein said' upper 
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greater than the distance from said axis to said far end of 40 cutting unit is coaxial with said lower cutting unit 

around an axis, wherein said upper cutting unit is 
adapted to rotate in a direction t around said axis and 
wherein said upper cutting unit comprises a cutting 
surface on said blade, having a first end and a second 
45 end, wherein said first end is closer to said axis than said 
second end, wherein said cutting surface extends in 
front of a line passing through said axis and said first 
end, in said direction t 
31. A lawn mower in accordance with claim 27 



said lower blade. 

23. The lawn mower of claim 20 wherein the distance 
from said axis to said border of said upper cutting unit is 
substantially equal to or greater than the distance from 
said axis to said border of said lower cutting unit. 

24. The lawn mower of claim 24 whereii^ the blade 
density of said lower cutting unit in the direction trans- 
verse to the movement of said mower is sufficiently 
greater than the blade density of said lower cutting unit 



in the direction of movement of said mower such that a 50 wherein said lower blade cutting surface is circular and 



lawn of uniform height over the entire area covered by 
said cutter unit is produced. 

25. A lawn mower in accordance with claim 12 
wherein said lower blade cutting surface is circular, and 
said upper blade cutting surface is linear. 



said upper blade cutting surface is linear. 

32. A lawn mower in accordance with claim 27 
wherein said upper blade cutting surface is circular and 
said lower blade cutting surface is linear. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,706,446 

DATED November 17, 1987 

INVENTOR(S) : Hachiro DOI et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 8, line 41, change "Nineth" to Ninth 

Column 9, line 24, change "an" to a • ' 

21 . anS"^"""" ^^"^ (claim 24, line 1), change "24" to 

29„_, Column 12, line 39 (claim 30, line 1), change "24" to — 



Column 4, line 40, change "a" to an • 

3h «nH A' change "3b 4b and an inner edge" to — 

iSner edge.-;° containe an outer edge and an 

Column 5, line 39, insert i after "!,"• 

Column 5, line 54, change "cl5sel" to closely 

Column 7, line 68, remove the italics from "Upper blade 



3a"; 



Signed and Sealed this 
Sixth Day of September, 1988 

Attest: 

DONALD J. QUICG 
Attesting Officer Commissioner of PUems and TiademaHts 
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